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Template-Free 13-ProtofilamentMicrotubule-Map Assembly Visualised at
8A˚ Resolution
Franck Fourniol, Charles V. Sindelar, Beatrice Amigues, Daniel K. Clare,
Geraint Thomas, Mylene Perderiset, Fiona Francis, Anne Houdusse,
Carolyn A. Moores.
Microtubule-associated proteins (MAPs) are essential for regulating and organ-
ising cellular microtubules (MTs). However, our mechanistic understanding of
MAP function is limited by a lack of detailed structural information. Using
cryo-electron microscopy (cryo-EM) and single particle algorithms, we solved
the 8A˚ structure of doublecortin (DCX)-stabilized microtubules. Because of
DCX’s unusual ability to specifically nucleate and stabilize 13-protofilament
(pf) MTs, our reconstruction provides unprecedented insight into the structure
of MTs with their in vivo architecture and in the absence of a stabilizing drug.
DCX specifically recognises the corner of four tubulin dimers, a binding mode
ideally suited to stabilizing both lateral and longitudinal lattice contacts. A
striking consequence of this is that DCX does not bind the MT seam. DCX
binding on the MT surface indirectly facilitates formation of conserved
tubulin-tubulin lateral contacts in the MT lumen, operating independently of
the nucleotide bound to tubulin. DCX’s exquisite binding selectivity uncovers
important insights into regulation of cellular MTs.
2433-Pos Board B419
Is an Alternative Model for Microtubule Assembly Needed?
Zhanghan Wu, Eva Nogales, Jianhua Xing.
The microtubule assembly and disassembly dynamic and mechanical properties
are essential for many key cellular processes. Mathematical and computational
modeling, especially coupled mechano-chemical modeling, has contributed
greatly to the advancement of our understanding ofmicrotubule dynamics. How-
ever, critical discrepancies exist between experimental observations and model-
ing results that need to be resolved before further progress towards a complete
model can be made. The absence of such a model hinders progress both on our
fundamental knowledge ofmicrotubule dynamics, and on the design of new ther-
apies based on detailed understanding of the process of microtubule assembly.
Flat sheet structures ranging in size from several hundred nanometers to one
micron long have often been observed at the growing ends of microtubules
in in vitro studies. However, previous modeling studies predict these sheet
structures to be rare intermediates of microtubule disassembly rather than im-
portant components of the assembly process. Studies on microtubule mechan-
ical properties also produced observations not easily explained by the existing
computational models.
Cryo-electron microscopy based structural analysis shows that under certain in
vitro conditions tubulins form tubes and ribbons where subunits interact later-
ally using two distinct interfaces, with only one type corresponding to that ob-
served in microtubules. Although these structures are formed under non-
physiological conditions (low temperature), similar interactions exist within
the microtubule doublet of cilia and flagella. Also interestingly, the residues in-
volved in the new type of interaction are highly conserved. We performed com-
putational studies to compare the dynamics and mechanical properties of two
alternative models, with and without the new type of lateral interactions. We
checked them against existing experimental data through thorough analysis
of the two models in the full parameter space. The results suggest that incorpo-
ration of the new type of lateral interactions can resolve existing controversies.
2434-Pos Board B420
A Structural Bistability in the Microtubule Lattice Revealed by AFM
Imaging of the Inside of Microtubules
Jan Kleeblatt, Iwan A.T. Schaap, Christoph F. Schmidt.
Microtubules (MTs) are an important part of the cytoskeleton. In the living cell,
MTs are non-equilibrium polymers with complex chemical and mechanical
properties. During polymerization, tubulin dimers are believed to form an inter-
mediate open sheet structure, which eventually closes into a tube. This implies
flexibility in the lateral bonds between protofilaments. Previous research from
Wang and Nogales (2005, Nature, 435:911) has shown a bistability in these
bonds under non-physiological conditions, leading to the pairing of protofila-
ments with alternating binding angles.
We have here used atomic force microscopy (AFM) to image the fine structure
of taxol-stabilized MTs that were flattened inside-out against the substrate sur-
face. We were able to reach single-monomer resolution, and observed a highly
reproducible lateral zigzag pattern of protofilaments, demonstrating that a struc-
tural bistability also exists in regular microtubules.
To estimate the angular orientation of protofilaments in the flattened MTs, we
used the tubulin atomic structure to reconstruct the AFM images.2435-Pos Board B421
Microtubule Structural Modeling and Analysis Using Small Angle X-Ray
Scattering
Avi Ginsburg, Uri Raviv.
Microtubules (MTs) play many central roles in cellular function. Understand-
ing their interactions in solutions leads to greater understanding of their func-
tion. Observing MTs in solution is a trivial matter using small angle x-ray
scattering (SAXS), however the data analysis can be quite complex. Here,
we present the analysis of MTs using different geometric models to describe
them and their advantages and disadvantages using Xþ, a software solution de-
veloped for general SAXS data analysis. When high resolution data are avail-
able, the simpler geometric models break down in the higher resolution regions.
This allows for a finer definition of the geometric parameters of the protein’s
supra-molecular structure, i.e. the wall thickness. In addition, certain thermal
fluctuations can be observed and quantified. The effects of isotropic fluctua-
tions of the tubulin monomers, modeled as spheres, can readily be observed.
Ref. Sze´kely et al. Langmuir (2010) 26 (16), 13110-13129; Ben-Nun et al. Jour-
nal of Applied Crystallography (2010) in press.
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Tau vs. Glycerol - A Kinetic Study of the Tubulin Polymerization
Steffen Kutter, Alexandra Deaconescu, Dorothee Kern.
The heterodimer tubulin is an essential protein for cell division, transport, cell
motility and cell structure. The dimers can polymerize in the presence of Mg2þ
and GTP to microtubules. The in vivo polymerization rate is regulated by mi-
crotubule associated proteins (MAPs).
Here we compare the kinetics of microtubule formation catalysed by glycerol
and by the MAP Tau, respectively. While glycerol is responsible to support the
polymerization of tubulin to single microtubules, Tau is known to form bundled
microtubules. In this study we can show with different methods (turbidity mea-
surements, small angle X-ray solution scattering and electron microscopy), that
Tau is not only responsible for the tubulin polymerization to bundled microtu-
bules, but also for the formation of tubulin rings. These tubulin rings have a 12-
14fold symmetry and appear in a time scale of one minute. The rate constant of
the ring formation is about 10 times faster than the rate constant for the poly-
merization (1102 s1 vs. 1103 s1 for 30 mM Tau and 18 mM tubulin).
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Measuring Tau’s Effect on Kinesin Motility in Model Systems for Axonal
Transport
Andrew R. Thompson, Tomomi Tani, Gabrielle L. Anderson,
Gerardo A. Morfini, Christopher L. Berger.
The microtubule associated protein tau is expressed in neurons and is associated
with neurodegenerative diseases such as Alzheimer’s. In normal physiology, tau
is observed to promote microtubule stability and has been shown in several in-
vitro studies to inhibit the processive motion of the motor protein kinesin. These
two functional roles of tau seem at odds with the necessary generation of stable
microtubule tracks for axonal transport in-vivo. We seek to further characterize
tau’s affect on kinesin using model systems for in-vivo motility including COS
cells and extruded squid axoplasm. In the squid axoplasmwe have decorated the
peripheralmicrotubules with exogenous fluorescent tau and quantum-dot (Qdot)
coupled kinesin and measured single molecule motility using total internal re-
flection fluorescence (TIRF) microscopy. In the presence of near physiological
levels (1:6 tau to tubulin dimers) of the largest isoform of tau (four microtubule
binding domains), we observe a dramatic (3.6-fold) reduction of kinesin binding
events in the axoplasm’s peripheral microtubules with no discernable effect on
transport velocity. Despite the reduction of binding events, we observe that ki-
nesin is capable of walking on microtubule tracks decorated with tau. Finally,
we have applied these experimental techniques to study tau’s affect on motility
in-vivo using pinocytosis of Qdot conjugated kinesin into culturedCOS cells ex-
pressing a Dendra2-tau fusion protein.
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Photo-Regulation of Kinesin ATPase Using Microtubules Modified with
Photochromic Molecule
Koichiro Ishiyama, Takeshi Itaba, Hideki Shishido, Shinsaku Maruta.
Azobenzene is a photochromic molecule that undergoes rapid and reversible
isomerization between the cis- and trans-forms in response to ultraviolet
(UV) and visible (VIS) light irradiation, respectively. Previously we have intro-
duced the sulfhydryl-reactive azobenzene derivative 4-phenylazophenyl malei-
mide (PAM) into the functional region of kinesin and succeeded to regulate the
ATPase activity of kinesin reversibly by light irradiation. However, the regula-
tion efficiency of the ATPase activity was not significant.
It is well known that the contraction of skeletal muscle myosin is regulated by
calcium binding to the rail protein actin. The regulating system achieves high
efficient switching. Therefore, it is expected that introducing artificial
